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A forest monkey’s alarm call series to predator models
Kate Arnold & Yvonne Pohlner & Klaus Zuberbühler
Abstract Some non-human primates produce acoustically
distinct alarm calls to different predators, such as eagles or
leopards. Recipients respond to these calls as if they have
seen the actual predator, which has led to the notion of
functionally referential alarm calls. However, in a previous
study with free-ranging putty-nosed monkeys (Cercopithecus
nictitans martini), we demonstrated that callers produced
two acoustically distinct alarm calls to eagle shrieks and
leopard growls, but both alarm calls were given to both
predators. We can think of two basic explanations for this
surprising result, a methodological and theoretical one.
Firstly, acoustic predator models may not always be suitable
to test alarm call behaviour in primates, sometimes causing
uncharacteristic behaviour. Secondly, referential alarm call-
ing may not be a universal feature of primate alarm call
systems. Considering the methodological and theoretical
importance of these possibilities, we conducted a follow-up
study using life-sized leopard, eagle, and human models on
the same population and compared the resulting vocal
responses to those given to acoustic predator models. We
compared the alarm call series given to each of these pred-
ator model types and found a considerable degree of con-
sistency suggesting that the mode of presentation did not
affect anti-predator calling strategies. However, evidence
for audience effects on calling behaviour was inconclusive.
While it appears that predator class is reliably encoded by
different call series types irrespective of the mode of pre-
sentation, observations of these same call series given in
non-predatory contexts indicate that predator class is un-
likely to be the relevant organising principle underlying the
alarm-calling behaviour in this species. We conclude by
offering an alternative, non-referential, account of the alarm-
calling system exhibited by this species.
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Introduction
Like many other African forest primates, male putty-nosed
monkeys produce loud and conspicuous vocalisations that
carry over considerable distances (Gautier-Hion et al. 1999).
These vocalisations, usually referred to as ‘loud calls’, are
normally given by adult males in response to disturbances or
as part of a circadian pattern (Gautier and Gautier 1977).
Work on Diana monkeys (Cercopithecus diana) and Camp-
bell’s monkeys (Cercopithecus campbelli) has shown that
male loud calls can also function as predator alarm calls. In
Diana monkeys, male loud calls differ in a number of subtle
acoustic features that co-vary with the type of predator
spotted by the caller (Riede and Zuberbühler 2003a, b; Riede
et al. 2005). These vocalisations have consequently been
termed ‘leopard’ or ‘eagle alarm calls’, implying that they
function as referential labels for the different predator types,
the perceptual bases of a semantic alarm call system. Func-
K. Arnold (*) :K. Zuberbühler
School of Psychology, University of St Andrews,
St Andrews KY16 9JU Scotland, UK
e-mail: ka11@st-andrews.ac.uk
Y. Pohlner
Institut für Biologie I,
Albert Ludwigs Universität,
Freiburg, Germany
Published in Behavioral Ecology and Sociobiology 62, 4, 549-559, 2008
 
which should be used for any reference to this work
tionally referential alarm calls were first described in East
African vervet monkeys, Cercopithecus aethiops. In this
species, individuals produce acoustically distinctive alarm
calls to different types of predators and recipients respond to
these calls as they would to direct evidence of the corre-
sponding predator (Seyfarth et al. 1980). Because of these
and similar observations, it has been argued that primate
alarm calls can function as referential, or semantic, signals in
the sense that recipients are able to link a particular vocal-
isation with an external object or event (Zuberbühler et al.
1999a; Seyfarth and Cheney 2003).
Although such findings suggest that non-human primates
may share some of the core cognitive capacities required
for language, current empirical evidence does not warrant
solid conclusions. Firstly, while functionally referential
alarm-calling systems have now been reported for a few
New World monkey species (Fichtel et al. 2005; Digweed
et al. 2005; Kirchhof and Hammerschmidt 2006) and
prosimians (Pereira and Macedonia 1991; Fichtel and
Kappeler 2002; Fichtel and van Schaik 2006), the strongest
evidence for highly predator-specific alarm calls stems from
the guenon family (Seyfarth et al. 1980; Zuberbühler et al.
1999a; Zuberbühler 2000a). However, a recent study has
found that free-ranging male putty-nosed monkeys, a close
relative of Diana, Campbell’s and vervet monkeys, pro-
duced long call series consisting of combinations of two
types of loud alarm calls, hacks and pyows, in response to
two common predators, eagles and leopards, and that
callers regularly used both call types to both predators
(Arnold and Zuberbühler 2006a). Thus, it is not clear
whether the functionally referential alarm-calling systems is
representative of primates in general and whether reference
is a universal feature of primate communication and
cognition (Zuberbühler 2003).
Secondly, as predation events are rarely witnessed and
systematic observations are difficult to obtain, especially in
forest habitats, one popular alternative method of study
has been to present predator models to study anti-predator
behaviour in primates. Many field experiments have employ-
ed acoustic stimuli in which pre-recorded predator vocal-
isations were played back to unwary animals from a hidden
speaker (Macedonia and Yount 1991; Zuberbühler 2000a,
2001; Fichtel and Kappeler 2002; Eckhardt and Zuberbühler
2004; Rainey et al. 2004; Fichtel and van Schaik 2006;
Arnold and Zuberbühler 2006a). However, there are a num-
ber of methodological concerns about using acoustic pred-
ator models to study primate alarm-call behaviour. It should
not be assumed that callers recognise the playback stimulus
as a representation of a particular class of predators. Acoustic
models are short-lived and might not provide subjects with
sufficient evidence of the presence of the predator. More-
over, the predator’s presence and location can never be con-
firmed visually or otherwise, and this may have important
effects on calling behaviour. It is also relevant that ambush
predators are unlikely to vocalise while hunting, which might
reduce the effectiveness of attempts to simulate their pres-
ence using this method. Finally, broadcasting predator
vocalisations in essence renders subsequent warning signals
redundant: When hearing the vocalisations of a potential
predator, both the caller and his potential audience will
learn about the predator’s whereabouts simultaneously, per-
haps leading to callers’ adopting a different behavioural
strategy in these instances.
A useful alternative strategy to address the concerns out-
lined above is to use realistic, visual models of predators,
which have the advantage of providing sustained visual stim-
ulation and thus avoid some of the problems outlined (Cheney
and Seyfarth 1985; Macedonia and Polak 1989; Pereira and
Macedonia 1991; Brown et al. 1992; Ramakrishnan and
Coss 2000; Wich and Sterck 2003; Fichtel and van Schaik
2006). In the present paper, we attempt to achieve this
goal by studying the alarm-calling behaviour of putty-nosed
monkeys, Cercopithecus nictitans martini, of Gashaka
Gumti National Park, Nigeria, in response to life-size models
of natural predators, leopards (Panthera pardus), crowned
eagles (Stephanoaetus coronatus), and human poachers.
We then compare various aspects, including the structure,
of the alarm-call series given to acoustic and visual predator
models to determine whether differences in the mode of
presentation result in differences in alarm-calling behaviour.
While we predict that the monkey’s vocal responses to visual
predator models will be broadly similar, in terms of the
structure of the call sequences given to each predator cate-
gory, to those given in response to acoustic predator models,
there should also be some subtle differences. Specifically, we
predict that if alarm calls are given to warn group members,
then subjects should respond more strongly by giving more
calls when presented with visual models compared with
acoustic models as many group members will be ignorant
of the presence of a visual predator model, while acoustic
models inform all group members simultaneously.
Materials and methods
Study site and species
Field experiments were conducted in Gashaka Gumti
National Park, Nigeria, between January and May 2004,
by YP. The research was conducted as part of a larger pro-
ject aimed to investigate the cognitive processes underlying
alarm call behaviour of Nigerian forest primates. The study
area consisted of approximately 10 km2 of primary rain forest
in the Kwano region of the park, near the Gashaka Primate
Research Station (7°19′N, 11°35′E). Putty-nosed monkeys
live in one-male groups of up to about 20 individuals, with
2
6–9 adult females and their offspring (K Arnold unpublished
data). Group density in the area has been estimated at 3–4
groups per km2 (Dunn 1993).
Predators
Putty-nosed monkeys at Gashaka are hunted by leopards,
crowned eagles, and sometimes also humans. These pred-
ators vary in their hunting techniques and predation pres-
sure. Forest leopards rely on surprise for a successful hunt,
usually close to the ground, and monkeys can easily escape
through canopy into safety (Zuberbühler et al. 1999b; Jenny
and Zuberbühler 2005). This is not the case for other pred-
ators, including large eagles and humans, which can es-
sentially reach monkeys at all heights. Although hunting
pressure by humans is probably relatively low at Gashaka
Gumti compared to other parts of West Africa, illegal poach-
ing does occur. Crowned eagles can attack monkeys in most
parts of the forest canopy, including the forest floor, pro-
vided the monkey is sufficiently exposed to an aerial attack
(Shultz and Thomsett 2007). Eagles are likely to represent
the greatest threat to this population of putty-nosed monkeys
because the density of leopards is quite low in the study area
and also because eagles can attack at all heights, whereas
leopards rely on ambush from the ground.
Alarm calls of male putty-nosed monkeys
Male putty nosed monkeys regularly produce two differ-
ent kinds of loud calls, ‘hacks’ and ‘pyows’ (Struhsaker
1970; Gautier-Hion et al. 1999; Eckhardt and Zuberbühler
2004; Arnold and Zuberbühler 2006a; Fig. 1). Both vocal-
isations are loud and conspicuous, discrete call types that
carry over considerable distances in a rainforest habitat and
that can easily be distinguished by ear (audioclips S1, S2).
Statistical analyses differentiating the acoustic structure
of these call types are presented elsewhere (Arnold and
Zuberbühler 2006a).
In an earlier study, we have shown that male putty-nosed
monkeys produce apparently complex calling patterns in
response to predators. However, these call series are made
up of a number of distinct alarm call series types that are
either given alone or are combined (Arnold and Zuberbühler
2006a). For each call sequence, we distinguished between
three forms: pure hack series, comprised only of hacks;
pure pyow series, comprised of only pyows; and transi-
tional series, beginning with a series of hacks followed by
a series of pyows. These call series were relatively long
and rather variable in terms of the number of calls pro-
duced (hack series, mean±SD=19.8±17.1, n=17; pyow
series, mean±SD=11.8±12.0, n=41; transitional series,
mean±SD=11.4±5.3, n=11). A fourth structure, the pyow–
hack sequence, a discrete unit usually comprised of between
one and four pyows followed by between one and four
hacks, was also given in response to predator models. These
comparatively short sequences of calls (mean±SD=3.1±1.0,
n=39) either preceded, or were inserted within, alarm-call
sequences or were given alone. When inserted within an
alarm-call series, the beginning and end of the sequence is
marked by conspicuous pauses, the durations of which were
minimally the mean+2SD of all preceding inter-call intervals
but were typically much longer (Arnold and Zuberbühler
2006a,b). Such pauses were clearly perceptible and enabled
pyow–hack sequences to be easily distinguished when
situated within a series of similar calls. The same criterion
was applied for identifying pauses within series made up of
one call type and also within transitional series where a
pause usually occurred at the transition point between the
hacks and the subsequent pyows. In cases where the pyow–
hack sequence was followed by pyows, pauses were some-
times omitted, and the switch from hacks to pyows served to
mark the end of the sequence.
Fig. 1 Spectrographic illustration of representative exemplars of the
two types of male putty-nosed loud alarm calls. Pyows are
acoustically more variable than the hacks, but both call types are
perceptually discrete (Arnold and Zuberbühler 2006a)
 
3
Female and juvenile male putty-nosed monkeys tend to
respond to experimental stimuli with only one alarm call type,
a chirp, irrespective of the predator category (K Arnold, un-
published data). Although it is possible that we may have
missed more subtle vocal responses, it is doubtful that these
calls have the potential to act as referential signals, and so data
concerning their responses are not presented in this paper.
Predator models
A custom-made model of a crowned eagle served as the
visual eagle stimulus. The head and torso were constructed
using wire mesh and then filled with straw. Two 0.8-m long
wings, also made of wire mesh, matched the 1.5–1.7-m
wingspan of an adult bird. The body was then covered with
a paste of paper and glue to obtain a smooth surface. The
fine structure of the head, wings, tail feather base, and
claws were moulded from the paste. The bird’s posture
resembled that of an individual waiting to ambush prey
from dense vegetation. Its wings were folded over its back,
crossing each another at the tips. The body and head were
covered with chicken feathers, while real tail feathers of an
adult crowned eagle, collected from the forest floor, were
used for the tail. The chicken feathers, the head, and the
claws were painted with commercial paint to match the real
patterns of an adult crowned eagle. Finally, a stick was
attached to the base to facilitate handling and mounting.
For the visual leopard model, we used a commercially
produced replica of about 1.0 m torso length and 0.5 m
height. Size, shape, posture, and colouration of both models
matched those of real animals well (Fig. 2).
Experimental protocol
The experimenter (YP) systematically searched the study
area for monkey groups with the help of a field assistant.
Groups were located using acoustic cues, either their
vocalisations or noises originating from individuals moving
through the canopy. Once a group was located, the exper-
imenter determined their geographical location using a
GARMIN 12XL GPS receiver. Most groups were located
when animals were moving away from or towards their
sleeping trees in the morning or evening, or while moving
between feeding sites during the day. After locating a
group, the experimenters estimated the most likely direction
of the group progression. They then circumnavigated the
group at a distance far enough to avoid detection and posi-
tioned the predator model along their anticipated path. The
models were positioned in relatively open locations, either
on the ground (<1 m) or in a tree (range 1.0–13.0 m, aver-
age 4.0 m). The experiment simulated a natural situation as
both predators are encountered on the ground and in trees.
An experimental trial was usually terminated 45 min after
detection of a stationary model, 20 min after detection of
moving models, or when the group moved away.
Experiment 1. Responses to stationary predators
After positioning the predator model, the experimenter and
field assistant moved away and, while hiding under a camou-
flage cover, started recording the approaching monkeys’ vocal
behaviour for at least 5 min, but often longer, before the
first monkey detected the model. Vocalisations were tape-
recorded with a SONY WMD6C cassette recorder and a
SENNHEISER ME62 directional microphone, using stan-
dard 90 min Chrome cassette tapes. Calls were digitised on
a personal computer, using a CMI8738/C3DX PCI Audio
Device sound card and the software COOLEDIT Pro 2.1
(Syntrillium Software Corporation, Phoenix, AZ) with a
sampling rate of 44.1 kHz/16-bit accuracy.
Experiment 2. Responses to moving ground predators
To investigate whether putty-nosed monkeys responded
differentially to different types of ground predators, we con-
ducted the following experiment. A field assistant approached
a group of putty-nosed monkeys wearing either (a) olive-
brown clothing as typically used by local hunters, or (b) a
large piece of leopard-print fabric, which completely covered
the body. A small slit in the fabric allowed the assistant to see,
while moving with a hunched posture.
Sample sizes
As none of the study groups were habituated to human
presence, and the boundaries of home ranges were un-
known, the exact number of groups tested could not be
specified. However, experimental groups were drawn from
a large pool of about 40 different groups that occupied
home ranges throughout the study area. It is therefore
unlikely that a particular group experienced any of the four
predator models more than once. In experiment 1, the eagle
model was presented in an area of 4.3 km2, which poten-
tially incorporated the home ranges of about 15 different
groups. The leopard model was presented in an area of
7.3 km2, covering the home ranges of about 25 different
groups. The moving leopard model trials were conducted in
an area of 9.8 km2, equalling about 35 different groups’
home ranges, while the human poacher trials were con-
ducted in an area of 4.4 km2, equalling about 15 different
groups’ home ranges. Although we could not exclude the
possibility that a particular group was tested more than once,
the location of many of the core areas occupied by each
group was known, and care was taken only to test groups
within each area once so that the likelihood of retesting a




A number of trials were excluded due to equipment failure
(N=9), interference by real eagles (N=2), or responses from
non-target males (N=2). Trials were also excluded if the
male did not call (eagle, N=2; stationary leopard, N=4;
moving human, N=16; moving leopard, N=0) or called
from a distance and never approached the site (eagle, N=4;
stationary leopard, N=17; moving human, N=1; moving
leopard, N=1). We excluded these trials because it was im-
Fig. 2 Predators and visual and acoustic predator models analysed in this study a leopard; b crowned eagle (Photos D. Jenny, K. Zuberbühler, Y.
Pohlner, K. Arnold)
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possible to ensure that the male ever directly saw the model,
as opposed to, for example, responding to other individuals’
alarm calls. The fact that moving humans caused such a large
proportion of silent responses is probably meaningful finding,
as it suggests that cryptic behaviour is the more adaptive re-
sponse to this predator. However, in this study, we were only
interested in the males’ selection of alarm call types, not their
overall calling strategies.
The distributions of call sequence types given in re-
sponse to each of the model types were analysed at two
levels. Responses fell into one of three main categories: (1)
pure hack sequence; (2) transitional sequence; (3) pure
pyow sequence. We have shown previously that a fourth
sequence, the pyow–hack sequence, is a distinct unit that
functions to elicit group movement in both predatory and
non-predatory contexts (Arnold and Zuberbühler 2006b).
Given that pyow–hack sequences can play a specific role in
anti-predator strategies, we were interested in the propor-
tion of responses in which these sequences occurred. These
units were often inserted within the other three sequence
categories (given above). Consequently, we also compared
the distribution of all responses in which pyow–hack se-
quences occurred, whether given alone or inserted within the
three major sequence types as a fourth category, and further
distinguished between those responses in which pyow–hack
sequences were given alone and those where they were
inserted within the three major sequence types.
For comparisons of the number of calls, calling duration,
call rate and the proportion of hacks given in response to the
models, we used exact Mann–WhitneyU tests. We compared
the distribution of response types using Fisher’s exact prob-
ability tests. All tests were two-tailed with α set at 0.05 ex-
cept where comparisons were made of responses to different
predator categories within both stationary visual and acoustic
model types and between visual and acoustic model types
within each predator type (Tables 1 and 2). In these cases, a
Bonferroni correction was applied resulting in α=0.025
(0.05/2).
Results
Responses to stationary predator models
Male putty-nosed monkeys reliably produced loud calls in
response to the visual models of the crowned eagle and
leopard. After excluding a number of trials (see methods),
the final data set included 17 leopard and 8 eagle trials. The
responses of adult males to the visual models of the pred-
ators were similar in many respects to those given to acoustic
models (Arnold and Zuberbühler 2006a) and are compared in
Table 1.
Calls were given at similar rates irrespective of model type.
Male responses to the visual and acoustic models of crowned
eagles did not differ in terms of the number of calls given and
call series duration, whereas responses to the acoustic leopard
model were significantly shorter than those given to the visual
leopard model in these respects. These relatively short re-
sponses given to the acoustic leopard model also accounts for
the significant difference in the number of calls given and call
series duration between acoustic predator stimuli which was
absent between visual eagle and leopard models. The pro-
portion of hacks given to each of the model types was depen-
dent upon the predator category, with more hacks being given
to eagle models, but was unaffected bywhether the model was
acoustic or visual (Fig. 3).
Figure 3 shows the distribution of call-series types pro-
duced in response to visual and acoustic models simulating
the presence of either eagle or leopard predators.
Table 1 Call series characteristics to visual and acoustic models of predators
Series characteristics
(median values)
Visual models Acoustic models Comparisons between predator
categoriesa









Visual E vs L
NE=8, NL=17
Acoustic E vs L
NE=20, NL=16
Eagle V vs A
Nv=8, NA=20
Leopard V vs A
NV=17, NA=16
Number of calls 9.00 10.00 13.50 4.50 55.5 64.0 53.5 62.0
0.482 0.002 0.185 0.007
Call series duration (s) 87.43 133.54 110.85 20.64 61.0 81.0 73.0 58.0
0.711 0.011 0.746 0.004
Call rate (calls/s) 0.12 0.14 0.17 0.24 52.5 128.0 57.0 84.0
0.380 0.320 0.254 0.062
Proportion of hacks 0.63 0.06 0.93 0.30 21.5 67.0 71.0 102.5
0.005 0.002 0.652 0.225
The results of Mann–Whitney U tests are given for comparisons of call series within and between model types together with P values in italics.
E Eagle, L leopard, V visual, A acoustic
a ! =0.025
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Presentation of either visual or acoustic models did not
affect male alarm-calling behaviour in terms of the relative
frequency with which the different call sequences were given.
The distribution of call series types produced in response to
visual and acoustic models of crowned eagles and leopards
are given in Table 2 together with statistical comparisons of
the frequencies with which call-series types were produced
both within and between model types. Pure hack series were
given significantly more often to acoustic eagle models than
to acoustic leopard models, whereas transitional series, which
begin with a series of hacks, were significantly more often
associated with visual eagle models than with visual leopard
models. Pure pyow series were given significantly more often
to leopard models than to eagle models irrespective of wheth-
er visual or acoustic models were used.
Pyow–hack sequences were given significantly more often
in response to acoustic leopard models than to acoustic eagle
models. This distinction was less clear for visual leopard and
eagle models because males more often inserted the pyow–
hack sequence within a longer alarm call series when pre-
sented with the visual leopard model but more often gave the
pyow–hack sequence but no further alarm calls to the acoustic
leopard model (Fisher’s exact test, P=0.066).
Response to moving ground predator models
We were also interested in whether the alarm-call response
was affected by the type of ground predator encountered, i.e. a
leopard or human poacher. After excluding a number of trials
(see methods) the final data set included 11 leopard and 6
human trials. Again, males produced hacks and pyows to both
predators.We found no difference in the number of calls given
(median leopard vs median human=5 vs 8.5; U=25.5, n=17,
P=0.469), in the duration of alarm calling (median leopard
vs median human=25.6 s vs 90.9 s; U=26, n=17, P=0.525),
in the call rate (median leopard vs median human=0.17 calls/s
vs 0.15 calls/s; U=30, n=17, P=0.808), or in the proportion
of hacks given to each predator type (median leopard vs
median human=0 vs 0.19; U=16.5, n=17, P=0.085). All
statistical tests were two-tailed Mann–Whitney U tests.
In this experiment, the two model types elicited very sim-
ilar calling patterns in males (Fig. 4). Pure pyow series were
the most common in the case of both ground predator
models (proportion of responses consisting of a pure pyow
sequence given to leopard vs human=0.91 vs 0.83, Fisher’s
exact P=1.000). Pyow–hack sequences often preceded or
were inserted within pure pyow series given to the human
model but were less frequently given in response to the
leopard model. In one case, a pyow–hack sequence but no
other calls was given to the human model. Thus, pyow–hack
sequences were given significantly more often to the human
model than to the leopard model (proportion of responses in
which pyow–hack sequences were given to leopard vs
human=0.13 vs 0.83, Fisher’s exact P=0.050).
Discussion
Several field studies have relied on using acoustic predator
models to study anti-predator behaviour in non-human pri-
mates, and we have mentioned reasons to remain cautious
about results obtained by using this technique. Most im-
portantly, adult male monkeys often approach the source of
predator vocalisations, presumably in an attempt to locate
and then drive the predator away (Zuberbühler et al. 1997).
By their nature, acoustic stimuli prevent callers from con-
Table 2 The distribution of call series types given in response to each model type




















Hack 37.5% (3) 5.9% (1) 60.0% (12) 0% 0.081 0.0002 0.410 1.000
Transitional 50% (4) 0% 30.0% (6) 6.3% (1) 0.006 0.104 0.400 0.485
Pyow 12.5% (1) 88.2% (15) 10.0% (2) 56.3% (9) 0.001 0.004 0.497 0.057
P–H sequence given 12.5% (1) 47.1% (8) 20.0% (4) 62.5% (10) 0.088 0.016 1.000 0.728
P–H sequence given alone 0% 5.9% (1) 0% 37.5% (6) 1.000 0.004 – 0.039
P–H sequence inserted 12.5% (1) 41.2% (7) 20.0% (4) 25.0% (4) 0.182 1.000 1.000 0.282
P values associated with the results of Fisher’s exact probability tests comparing the distribution of call series types between model types are also
given in italics. For each model type, the frequency with which each of three basic call series types (hack, transitional, pyow series) was given in
response is indicated in parentheses. In addition, P–H sequences were sometimes given alone as the only response (therefore contributing to the
total N for each model type). Again, the frequency with which P–H sequences occurred, either alone or within the basic call series types, is given
in parentheses.
E Eagle, L leopard, V visual, A acoustic
a ! =0.025
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firming the location of a predator, which may impact on their
calling behaviour. It is also questionable whether potential
attackers vocalise during a hunt, raising more general con-
cerns about the use of vocalisations to simulate predator
presence in field experiments. However, despite these and
other concerns, we found that the alarm-calling patterns of
male putty-nosed monkey to visual and acoustic models were
remarkably similar, suggesting that previous studies using
acoustic predator models produced reliable results. Contrary
to our predictions, callers responded equally strongly, in terms
of the number of calls given and call duration, to eagle models
regardless of the mode of detection and the caller’s subsequent
ability to confirm the presence or location of the predator
visually. The fact that vocal responses did not differ between
acoustic and visual predator models suggests that they do not
take into account their audience’s knowledge. If callers pro-
Eagle acoustic model Eagle visual model 
No. N 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11
1 23 H H H H P H H P P P P 11 H H H H P P P P P P P
2 8 H H H H H H H H 33 P P P P P P P P P P P
3 29 H H H H H P H H H H H 6 H H H H P P
4 13 H H H H H P P P P P P 8 H H H H P P P P 
5 38 H H H H H H H H H H H 3 H H H
6 33 H H P H P H H H H H H 57 H H H H H H H H H H  H
7 12 H H H H H H H H H H H 5 H H H H H
8 12 P P P P P P P P P P P 10 H H H H P H P P P H 
9 40 H H H H H H H H H H H
10 13 H H H H H H H H H H H
11 20 H H H H H H H H H H H
12 5 H H H H H 
13 14 H H H H H H H P P P P
14 19 H H H H H H H H P P P
15 13 H H H P P P P P P P P
16 19 P P P P P P P P P H P
17 12 H H H H P P P P P P P
18 7 H H H H H H H 
19 2 H H
20 17 H H H H H H H H H H H
Leopard acoustic model Leopard visual model 
No. N 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11
1 14 P P P P P P P P P P P 7 P P P P P P P 
2 4 P P P P 10 P P P P P P P P P P 
3 20 P P H H H P P P P P P 37 P P P P P P P P P P P
4 9 P P H P P P P P P 63 P P P H H P P P P P P
5 5 P H H P H 8 P H H P P P P P 
6 11 P H H P P P P P P H P 10 P H H H H P P P P P 
7 2 P H 3 P H H
8 3 H H P 40 P P P P P P P P P P P
9 15 P H H H P P P P P P P 49 H H H H H H H H H H  H
10 5 P P P P P 9 P P P H P H H P P 
11 14 P P P P P P P P P P P 6 P P P P P P
12 3 P P H 18 P P P P P P P P P P P
13 4 P P H H 21 P P H H P P P P P P P
14 4 P H H H 5 P H H P P
15 4 P H H H 10 P P P P P P P P P P 
16 2 P P 16 P P P P P P P P H P P
17 9 P P P P P P P P P 
Fig. 3 Raw data of calling
patterns of the first 11 calls
given in response to visual and
acoustic models of a crowned
eagle and a leopard. As alterna-
tion in call types was found only
during the first 11 calls, we
present a maximum of 11 calls.
Any additional calls are
identical to the 11th call type.
Trials are depicted in
chronological order. N=total
number of alarm calls given.
Different call series types are
indicated by coloured boxes:
dark grey pyow series; white
hack series; light grey pyow–
hack sequence; transitional
series consist of a series of
hacks followed by a series of
pyows. Significantly long
pauses (mean+3SD of pauses
between all preceding calls) be-
tween sequences are indicated
by marking the first call of the
sequence in bold
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duced calls with the intent to warn ignorant group members,
visual models should elicit stronger responses than auditory
models as acoustic predator information is simultaneously
available to all group members (see Cheney and Seyfarth
1990). In contrast, an audience effect may have played a role
in responses given to leopard models as the visual model did
elicit stronger responses than the acoustic model, although
it would make little sense to suggest that audience effects
operate for one predator but not the other. This conundrum
can be resolved, however, if we consider the audience to be
not only other group members but also the predator itself. It
has previously been suggested that alarm calls may be as
much a message for the predator indicating that it has been
detected, as for conspecifics (Zuberbühler et al. 1997). This
would explain why a visually detected leopard model would
elicit more calls than an acoustic one which cannot be
located. It has also been suggested that alarm calls to terres-
trial predators may also function to elicit mobbing behaviour
by the rest of the group (Fichtel et al. 2005; Digweed et al.
2005; see also Palleroni et al. 2005). Taken together, these
compatible explanations can adequately explain the differ-
ence in the strength of responses to visual vs acoustic
leopard models.
Production of call series types
As in a previous study (Arnold and Zuberbühler 2006a),
males produced both hacks and pyows in response to all
predator model types with a bias in favour of producing
hacks to eagles, regardless of model type. In the majority of
trials, alarm-call series to eagles were made up entirely of
hacks or were transitional series, which began with a series
of hacks followed by a series of pyows. Acoustic and visual
leopard models generally elicited alarm-call series made up
of pyows. As predicted, callers produced these distinct call-
series types in response to these two predators, regardless
of whether they were detected in the acoustic or visual
mode. In addition to these three main alarm-call series types,
males regularly produced a fourth structure, the ‘pyow–
hack’ sequence, although much more often in response to the
leopard than to the eagle models. We suspect that this was
due to the difference in the hunting strategies employed by
the two predators and the degree of threat they posed for the
monkeys after being detected. As mentioned previously,
forest leopards are ambush predators that are unable to chase
monkeys in the canopy and usually abandon hunting
attempts once detected (Zuberbühler et al. 1999b). Move-
ment through the canopy and away from the threat is a
viable strategy for the monkeys after detecting a leopard.
However, when crowned eagles are present, travel is likely
to be dangerous, especially for smaller animals, as it may
expose them to attack. Unlike leopards, eagles can attack at
all heights, often by sitting in dense canopy and waiting to
locate vulnerable individuals. Pyow–hack sequences given
in response to acoustic and visual eagle models were equal-
ly rare, probably as a consequence of prior experience of
eagle hunting techniques as hidden eagles are likely to be
just as dangerous as located ones. In response to leopard
models, pyow–hack sequences were either given alone or
accompanied by pyows.
In line with the suggestion that alarm calls given to
terrestrial predators can function as mobbing calls (Fichtel
et al. 2005; Digweed et al. 2005), it should be noted that
pyows were given preferentially to leopard models, more
often accompanied pyow–hack sequences given to visual as
opposed to acoustic leopard models and made up the latter
Leopard model (moving) Human (moving) 
No. N 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11
1 5 P P P P P 7 P H P P P P P 
2 30 P P P P P P P P P P P 10 P P P H P P P P P P 
3 7 H H H H H H H 17 P P P P P P P H P P P
4 7 P P P P P P P 3 P P P
5 18 P P P P P P H P P H P 4 P P H H
6 3 P P P 10 P H H H H P P H P P H
7 11 P P P H P P P P P P P
8 3 P H P 
9 2 P P 
10 3 P P P 
11 3 P P P 
Fig. 4 Raw data of calling patterns of the first 11 calls given in
response to approaching leopard and human predator models. As
alternation in call types was found only during the first 11 calls, we
present a maximum of 11 calls. Any additional calls are identical to
the 11th call type. Trials are depicted in chronological order. N=total
number of alarm calls given. Different call-series types are indicated
by coloured boxes: dark grey pyow series; white hack series; light
grey pyow–hack sequence; transitional series consist of a series of
hacks followed by a series of pyows. Significantly long pauses
(mean+3SD of pauses between all preceding calls) between sequences
are indicated by marking the first call of the sequence in bold
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part of transitional series which were given more often in
response to visual eagle models that to acoustic ones.
Responses to the moving models, humans and leopards,
were very similar. Both models elicited series of pyows
(except in one case where the moving leopard elicited a
series consisting only of hacks). However, the moving
leopard model, unlike the human model, regularly elicited
responses consisting entirely of pyows, with no pyow–hack
sequences. Pyow–hack sequences were recorded in both
contexts, although significantly more often to the human
model, suggesting that callers found it more appropriate to
move away from a human than from a moving leopard.
The question of referential signalling
At the proximate level, a common conceptual strategy is
to contrast ‘referential’ with ‘emotional’ or ‘affect-based’
calling systems. This dichotomy is probably unhelpful until
the psychological processes that determine both call produc-
tion and comprehension are understood. In human language,
the assumption is that signallers and receivers operate within
the same referential space, a phenomenon that is made
possible because of our ability to understand each other’s
intention to communicate (Grice 1969). Comparable evi-
dence is not available for non-human primates, and it is
entirely possible that all of non-human primate communi-
cation is composed of ‘affect-based’ signallers, who only
have limited abilities to take the audience into account, and
‘referential’ recipients, who have learned to interpret par-
ticular calling patterns to predict relevant objects and events
in the environment (Seyfarth and Cheney 2003).
In putty-nosed monkeys, predator class had some effect
on the monkeys’ choices of alarm calls, but these effects
were only probabilistic: hacks were regularly produced in
response to real eagles and eagle stimuli, while pyows
were associated with leopard stimuli. At the level of the
individual calls, therefore, it seems safe to conclude that
male putty-nosed monkey alarm calls do not function as
referential signals, in striking contrast to what has been
reported from closely related Diana monkeys and vervet
monkeys: calls do not provide reliable information about the
nature of the eliciting stimuli, even in the broadest sense. At
the level of the call sequence, the relationship between
calling behaviour and external events is more complex. Hack
series and transitional series clearly play a role in advertising
the presence of eagles, while pyow series are employed to
indicate the presence of leopards. However, can we conclude
from these data that putty-nosed monkey alarm call series
function as referential signals?
It is important to point out that, over the course of our
fieldwork, we observed a number of cases in which males
produced hack and transitional series in response to non-
predatory events, such as falling branches or raucous ba-
boon fights. We also observed males giving pyow series
during intergroup encounters or apparently spontaneously,
suggesting that this call series is also triggered by non-
predatory events (K Arnold unpublished data; see also
Arnold and Zuberbühler 2006a). It is interesting that white-
faced capuchin monkeys (Cebus capuchinus), redfronted
lemurs (Eulemeur fulvus rufus) and Verreaux’s sifakas
(Propithecus verreauxi verreauxi) also produce one alarm-
call type to a range of terrestrial disturbances, including
inter-group encounters (Fichtel and Kappeler 2002; Fichtel
et al. 2005). These observations raise important questions
about the semantic content conveyed by these call series,
making it exceedingly difficult to delineate a ‘referential
space’ to explain all these cases.
It seems safe to assume that, for a putty-nosed monkey,
encountering a leopard is a conceptually different matter
than meeting a neighbouring group and that the underlying
psychological processes are likely to be different. Equally,
where eagles require specific anti-predator strategies,
falling trees do not. One way to avoid maladaptive re-
sponses in recipients is for callers to produce vocalisations
in concerted interaction with the ongoing context. For
example, if males call in immediate response to the loud
noise of a falling tree, then the meaning of these calls can
be determined primarily by the loud sound of the event, and
confusion with eagle presence should not occur. As
receivers, monkeys are very good at taking context into
account when responding to each others’ alarm calls
(Zuberbühler et al. 1999b; Zuberbühler 2000b,c). In one
study with Diana monkeys, the receivers’ default response
to guinea fowl terrestrial alarm calls was to react as if a
leopard were present, the most likely cause of the birds’
alarm calls. However, if the birds’ alarm calls were elicited
by a human poacher, the monkeys’ response to the same
alarm calls was very different, demonstrating that receivers
responded to the underlying cause of the alarm calls, not
the alarm calls themselves (Zuberbühler 2000b). Analo-
gously, in putty-nosed monkeys, receivers may interpret
series of pyows or hacks differently depending upon the
available context (Smith 1965); for instance, whether or
not a neighbouring group is present or whether the sound of
a falling tree precedes a hack series. Field experiments will
have to address this issue, for example, by investigating the
monkeys’ response to a particular call series, presented with
or without additional contextual information.
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